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§ 13. Anomalous Resistivity at the Coli isionless 
Neutral Sheet in Three Dimensions 
Horiuchi, R., Sato, T. 
Two-dimensional particle simulation [1] has 
clarified that the drift-kink instability (DKI), 
which is excited near the neutral sheet, can be a 
cause of anomalous resistivity leading to collision-
less reconnection. On the other hand, linear analy-
sis [2] has pointed out that its growth rate strongly 
depends on the mass ratio of ion to electron, and 
the ratio of ion Larmor radius to the current sheet 
scale pif L. We have carried out three-dimensional 
particle simulation (3] on a 128 X 64 X 128 point 
grid by making use of 60 million particles in order 
to clarify the generation mechanism of anomalous 
resistivity in the dynamically evolving open sys-
tem with plasma inflow and outflow. 
Figure 1 shows the temporal evolutions of three 
Fourier modes for the parameters mi/me = 100, 
pif L = 1.12, and kzL = 0.82. There appear two 
peaks in the evolution curve of the DKI (solid) 
and its amplitude decreases toward a small value 
for Wcet > 400. These behaviors result from the 
dynamical evolution of the current sheet. The 
Poynting flux, which is supplied into the simula-
tion ·domain from the exterior region, moves to-
wards the current layer together with the con-
vergent plasma flow, while compressing the cur-
rent profile. The compression by the convergent 
plasma flow increases the growth rate of the DKI. 
When the Poynting flux reaches the neutral sheet, 
collisionless reconnection is triggered by the con-
vective electric field. 
Once magnetic reconnection takes place, a gen-
erated fast plasma flow carries away the plasma 
towards the downstream and leads to the flatter-
ing of current profile in the vicinity of the recon-
nection point. Thus, the width of the current layer 
increases and the amplitude of the DKI decreases. 
Thus, we cannot see any modification of the cur-
rent sheet by the DKI in the vicinity of reconnec-
tion point (midline), although there appears the 
n = 2 modification of the current sheet along the 
vertical axis in the downstream region (see Fig.2). 
Figure 3 demonstrates that anomalous resistivity 
grows at the reconnection point after the DKI is 
damped down. These results lead us to the con-
clusion that the DKI is not a primary cause of 
collisionless reconnection in the presence of an ex-
ternal driving source. 
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Fig. 1. Temporal evolutions of three fourier 
modes. 
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Fig. 2. Perspective views of the current sheet at 
twce = 561 where the current sheet is defined by 
the condition Bx = 0. 
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Fig. 3. Temporal evolutions of the reconnec-
tion field (dashed) and average effective resistivity 
(solid) along the reconnection line. 
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